The adsorption and desorption equilibrium moisture contents of green chilli were determined experimentally in relative humidity range of 11-97% and at the temperatures of 20, 30, 40 and 50°C. The experimental procedure used was a dynamic method with periodically recording of sample mass. The effect of temperature on adsorption and desorption isotherms was found significant. Hystereses were observed for entire range of relative humidity and hysteresis loops decreased with the increase of temperature. Nine sorption isotherm models were fitted the experimental data at the temperatures of 20, 30, 40 and 50 °C. The modified Smith equation was the best fitted equation to the experimental data for relative humidity range of 11-97% for the adsorption and desorption isotherms of green chilli.
INTRODUCTION
Chilli (Capsicum annum L.) is an important condiment and cash crop in the world. It is virtually an indispensable item in the kitchen for everyday cooking. Green chilli in fresh and dried forms are used to impart pungency of various foods. There is a great need to improve the drying and storage system in order to improve the quality of processed chilli (Pruthi, 1993) . During the storage and processing of agricultural products, physical, chemical and microbiological changes occur. The changes are particularly influenced by the moisture content, relative humidity and storage temperature. Sorption isotherms, which represent the fundamental relationship between equilibrium moisture content and relative humidity of a foodstuff at a given temperature. Sorption characteristics of food materials are essential for design, modeling and optimization of many processes such as drying, aeration and storage foods (Labuza, 1975; Palipane and Driscoll, 1992; Bala, 1997) .
Many investigators have developed mathematical equations, theoretical, semitheoretical and empirical to describe the sorption isotherms of food materials. Chirife and Iglesias (1978) reviewed 23 isotherm equations, both theoretical and experimental, and their use for fitting sorption isotherms of foods and food products. None of these equations described accurately the sorption isotherm over the whole range of relative humidity and for different types of food materials. Labuza (1975) noted that no sorption isotherm model could fit data over the entire range of relative humidity because water is associated with the food matrix by different mechanisms in different activity regions. Boquet et al. (1978 Boquet et al. ( , 1979 fitted eight two-parameter equations and four threeparameter equations for sorption isotherms for 39 food materials. They found that the two-parameter Halsey (1948) and Oswin (1946) equations and the three-parameter Hailwood-Horrobin equation are the most versatile. Lomauro et al. (1985) evaluated three two-parameter equations and one threeparameter equation for 163 food materials including fruits, vegetables, spices and starchy foods. They found that the three-parameter Guggenheim, Anderson and de Boer (GAB) equation (Van den Berg, 1984) described the moisture isotherms for most foods better than two-parameter equations. However, Boquet et al. (1979) noted that twoparameter equations gave as good a fit as three-parameter equations. Thus, the use of a third parameter may not be worthwhile always, because of complicating the calculation and extending the work required. The BET equation developed by Brunauer et al. (1938) is the most popular due to its thermodynamic base. But this equation is valid from 10 to 50% relative humidity (Labuza, 1968; Coulson and Richardson, 1975) . Many researchers modified the BET equation and the modified equation gave good fit up to 90% of relative humidity (Brunauer et al., 1969; Dincer and Esin, 1996) . Oswins equation (1946) is capable to describe S-shaped curves of sorption isotherm of 57% of food isotherms (Okos et al., 1992) . Smith equation (1947) is useful in describing moisture isotherm of biological materials such as starch and cellulose. Becker and Sallans (1956) shown that the Smith equation is applicable for desorption isotherms of wheat for the relative humidity range of 5-95% when moisture content is expressed on wet basis. Iglesias and Chirife (1981) developed an equation for describing high sugar foods. Henderson (1952) proposed a semi-emperical model for the equilibrium moisture content of cereal grains. Hall et al. (1958) tested the reliability of Henderson equation and found that there was excellent agreement between experimental and theoretical values of equilibrium moisture content from 10-60% relative humidity. Day and Nelson (1965) modified Henderson equation to describe wheat up to 70% relative humidity. Chung and Pfost (1967) equation fits grain equilibrium moisture content data well over 20 to 90% relative humidity range. Stencl et al. (1999) found good fit using the Halsey model for prediction of the sorption isotherms for prunes for the relative humidity range of 40-100%. GAB equation, which has a common theoretical background with the BET equation, has been applied successfully to various foods up to the relative humidity 90%. Misra (1972) fitted the Henderson equation of red chilli and found reasonable agreement. The available information on sorption isotherms of green chilli is rather scarce and does not cover the entire range of temperature and moisture content of practical interest. This study was undertaken to determine experimentally adsorption and desorption isotherms of green chilli at different temperature and to fit the experimental data to few selected models.
MATERIALS AND METHODS

Sample Preparation
Freshly harvested green chilli of variety Balujuri (Mymernsingh local) were procured from local market. Half of the procured fresh chilli was dried in the solar tunnel drier. The fresh green chilli (moisture content 81%, wet basis) and dried green chilli (moisture content 4.5%, wet basis) were divided into smaller samples (about 20 g) and placed it in glass test tube, sealed it with rubber cork and kept in a home refrigerator at 5°C. Before each experiment the required sample was brought out from the refrigerator and kept in ambient temperature for 24 hours.
Experimental Procedure
Air tight cylindrical plastic container, 115 mm diameter and 135 mm height, containing saturated salt solutions placed in electric oven to provide constant temperature and relative humidity environment. The digital temperature controller (model XMTJ) provided desired temperature (accuracy ±1°C). A mini fan of 60 mm (3 V, 0.25 A) was fitted inside the plastic container to provide continuous stirring of air inside the container. Saturated salt solutions were used to provide constant relative humidity. Values for relative humidity of saturated salt solutions were obtained from the works of Wexler and Hasegawa (1954) and Young (1967) and these are listed in Table 1 . Duplicate samples of about 5 g from previously prepared samples put inside cylindrical nylone boxes (50 mm diameter and 40 mm height) and suspended over the saturated salt solutions in the container and the container was made air tight with plastic cover. The container was then placed in an oven maintained at a desired constant temperature and allowed to equilibrate with the environment inside the containers. The selected temperatures were 20, 30, 40 and 50°C with ±1°C accuracy. The weight of each sample was checked initially 12 hours and then 6 hourly interval until weight was constant. For adsorption equilibrium moisture content and for desorption equilibrium moisture content about 1-3 days and 5-15 days, respectively were required to reach the equilibrium of the sample with the environment maintained by saturated salt solutions. The moisture content of each sample was then determined by drying in a ventilated air oven at 105 °C for 24 hours (Misra, 1972) .
Model Development
Eight two parameters and one three parameters (GAB) isotherm equations were selected for fitting the experimental data for adsorption and desorption isotherms of green chilli. The selected equations are listed in Table 2 . The two-parameters of the equations were estimated by regression analyses using Microsoft Excel 97 software. The parameters of GAB equation was estimated using direct least square method programmed in QuickBASIC 4.50. The models were evaluated in terms of statistical errors (Sun and Woods, 1994; Rehman, 1998) given below. Mathematical Expression 1. Smith(1947) 2. Chung and Pfost (1967) 3. Henderson (1952) 4.0swin(1946) 5. Halsey(1948) 6. Modified BET (Dincer and Esin, 1996) 7. Iglesias and Chirife (1981) 8. Day and Nelson (1967) 
RESULTS AND DISCUSSION
The experimental adsorption and desorption equilibrium moisture contents of green chilli at the temperatures of 20, 30, 40 and 50°C and different relative humidities are presented in Table 3 . The experimental adsorption equilibrium moisture contents of green chilli at the temperatures of 20, 30, 40 and 50°C are presented in Figure 1 . All isotherm curves followed the same sigmoid shape. Significantly higher equilibrium moisture contents were found at the lower temperature at the same relative humidity. The reason may be that with increase in temperature the water molecules get activated due to an increase in their energy level, causing them to become less stable and to break away from the water binding site of the food material, thus decreasing the monolayer moisture content. Similar results have been obtained for food materials low in sugar content (Labuza, 1968; Bandyopadhyay et al., 1990; Rahman and Labuza, 1999) . The differences of equilibrium moisture contents between two temperatures were found significant by statistical t-test. The experimental desorption isotherms for green chilli at the temperature of 20, 30, 40 and 50°C are shown in Figure 2 . All desorption isotherm curves followed the same pattern as those of adsorption isotherms but the values of desorption equilibrium moisture content were higher than those of adsorption equilibrium moisture content. The effect of temperature was also found significant for desorption equilibrium moisture contents. Luhadiya and Kulkarni (1978) presented the similar results for Indian green chilli.
Statistical computed errors for different models for adsorption isotherms of green chilli are given in Table 4 . Minimum MBE, RMSE and MRD values were obtained for Smith equation and maximum values were obtained for Day and Nelson equation. So Smith equation was found to be the best estimator for predicting the adsorption isotherms of green chilli. Oswin equation was the second best and Halsey equation was the third best estimator for adsorption isotherms of green chilli. Errors computed from different models for desorption isotherms of green chilli are given in Smith (1947) 2. Chung and Pfost (1967) 3. Henderson (1952 ) 4. Oswin(1946 5. Halsey(1948) 6. Modified BET (Dincer and Esin, 1996) 7. Iglesias and Chirife (1981) 8. Day and Nelson (1967) Table 5 . Estimated errors for different models for desorption isotherms of green chilli Models 1. Smith (1947) 2. Chung and Pfost (1967) 3. Henderson (1952 ) 4. Oswin(1946 5. Halsey (1948) 6. Modified BET (Dincer and Esin, 1996) 7. Iglesias and Chirife (1981) 8. Day and Nelson (1967) the adsorption and desorption isotherms data in the relative humidity range of 50-97%, below this range it gave worse fit. Chirife and Iglesias (1978) noted that no single sorption isotherm model is applicable for all type of food materials. Misra (1972) fitted adsorption and desorption isotherms for Indian red chilli to the Henderson (1952) equation and found reasonable agreement between the predicted and experimental data. He did not consider either Smith (1948) Figures 3, 4 , 5 and 6, respectively. The agreements between the observed and predicted results were excellent for the relative humidity range of 11-97%. It is observed from the isotherm curves that the hysteresis loop decreases with the increase of temperature for green chilli. Wolf et al. (1972) also reported that hysteresis loop varied with the type of food materials and with the increase of temperature hysteresis decreases.
In Smith equation (1947) the term 'a' is expressed as bound moisture content and moisture content is expressed in percent wet basis. In this study the term 'a' is a function of temperature and moisture content is percent dry basis. Moisture content in 
Modified Smith equation is a two-parameter equation and easy to calculate the parameters. So, the modified Smith equation is recommended for prediction of adsorption and desorption isotherms of green chilli.
CONCLUSIONS
Nine sorption isotherm models were used to fit the experimental adsorption and desorption data in the relative humidity range of 11-97% at the temperatures of 20, 30, 40 and 50 °C. The effect of temperature was found significant for both adsorption and desorption isotherms of green chilli. Hysteresis was observed for entire range of relative humidity and hysteresis decreased as the temperature increased. The modified Smith equation was found to describe accurately the adsorption and desorption isotherms for green chilli in the relative humidity range of 11-97%. The modified Smith equation is recommended for prediction of the adsorption and desorption isotherms of green chilli. 
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